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To invaatigata potantial risk factors foe tha davalopmant of childhood asthma, 
tha authors undartook a longitudinal study using a cohort of 770 childtsn agad 
5-9 years from East Boston, Massachusetts, that has baan undar study sinca 
1975. Tha disease outcome considarad was aga at first onset of asthma, as 
determined by parental or salf-raporting of a physician's diagnosis. Potential risk 
fsetors were evaluated specifically in relation to their presence antecedent to a 
diagnosis of asthma. Standardized questionnaires ware used to obtain childhood 
illness histories, environmental exposures, and the asthmatic and atopic statuses 
of first-degree relatives. Ninety-one cases of asthma were identified from 1975 
to 1986 (57 males and 34 females)] Significant sex-adjusted relative risk esti¬ 
mates were seen for antecedent pneumonia, bronchitis, hay fever, sinusitis, 
parental i asthma, and parental atopy. Neither bronchiolitis, eczema, croup, per¬ 
sonal cigarette smoking* maternal smoking, paternal smoking, nor delivery com¬ 
plications bora an apparent relation to the development of asthma. A history of 
parental asthma or parental atopy did not significantly attar tha sex-adjusted 
relative risk estimates for pneumonia, bronchitis, hay ftver, or sinusitis. These 
results support tha hypothesis that asthma is a muttifsetor disease whose 
expression is dspendent on both familial and environmental influences. 

asthma; child; genetics; hypersensitivity; respiratory tract infections 


A number of studies have been carried 
out to investigate risk factors for childhood 
asthma (1-16). Hospital-based and case- 
control studies have consistently shown 
that lower respiratory illness (1-6) and ato¬ 
py (Ti-10) are associated with asthma 
in children. Available longitudinal and 
community-based studies have found asso¬ 


ciations between perinatal, social, infec¬ 
tious, and allergic exposures and!the risk of 
asthma in children (11-16). Some uncer¬ 
tainty remains, however, as to the identity 
and causal significance of early childhood 
predictors for the development of asthma. 
The present investigation used longitudinal 
data from a cohort of 5- to 9-year-old chil- 


Rectived for publication February 20,1989, and in 
final form January 22. 1990. 

Abbreviation*: FEF* -*, forced expiratory flow from 
25 percent to 75 percent of forced vital capacity; FEV t . 
forced expiratory volume in 1 second; FVC, forced 
vital capacity. 

1 Chanmnf Laboratory, Department of Medicine, 
Harvard Medical School and Brigham and Women * 
Hospital: Boston. MA. 

Current addms: The Miriam Hospital, Provi¬ 
dence, RI. 

1 Veterans Administration Medical Center. Univer¬ 
sity of California, San Francisco. GA. 


Reprint request* to Dr Charles B Sherman: The 
Minam Hospital. 164 Summit Avenue. Providence, RI 
02906. 

Supported in part by research grant HL^36002 and 
SCOR grant HL-19170 from the National Heart. 
Lung, and Blood Institute. 

Drs. Sherman and Toateson art supported by an 
Institutional National Research Service Award no 
HL-07427, from the National Heart, Lung, and Blood 
Institute. 

The authors thank Peter Gaccione and Tim Baum 
for their extensive computing assistance. 


83 



Source: https://www.industrydocuments.ucsf.edu/docs/zynxOOOO 


2023380737 



SHERMAN ET AL. 


84 


dren with 13 years of follow-up to evaluate 
the importance of a range of potential risk 
factors whose assessment was matte ante¬ 
cedent to the onset of asthma. 

Materials and methods 
Selection of study sample 

Details of the characteristics of the study 
population have been published elsewhere 
(17), Briefly, a 34 percent random sample 
was selected from all children 5-9 years of 
age enrolled in public and parochial schools 
in East Boston* Massachusetts, in Septem¬ 
ber 1974. Between January and June of 
1975, interviewers visited the households of 
these children and enumerated all house¬ 
hold residents. The residents together with 
the index children comprised the total 
study population. All members of the study 
population were screened annually begin¬ 
ning in 197Si with the exception of the 
second and third screenings (1976 and 
1977). The 5- to 9-year-old index children 
and siblings of the same ages comprised the 
study population for these analyses. Data 
collected during the first year (1975) and 
for 11 consecutive years (1978-1988) were 
used. 

Data collection 

Standardized questionnaires were used 
to obtain data on respiratory symptoms and 
illnesses, cigarette smoking history, and 
household demographics. Questions relat¬ 
ing to chronic respiratory symptoms were 
those proposed by the Division of Lung 
Diseases of the National Heart, Lung, and 
Blood Institute (18). At the first screening, 
separate but similar questionnaires were 
used for subjects aged less than 10 years 
and those aged 10 years or older. Beginning 
with the fourth screening cycle (September 
1977-June 1978), a common questionnaire 
was used for all subjects. Parents answered 
all questions for children younger than 10 
years of age, except for those questions that 
pertained to the child's smoking history, 


which were answered by the child during 
pulmonary function testing (when parents 
were not present). Children aged 10 or older 
answered ail questions for themselves. 

The time periods covered by these ques¬ 
tionnaires differed. The initial question¬ 
naire asked about events in the child’s life 
prior to and up to entry into the study; the 
fourth year questionnaire focused on events 
for the period between study entry and the 
fourth year (“gap” years). Thereafter, each 
annual survey obtained information about 
events that occurred between annual sur¬ 
veys or between the time the subject was 
last seen and the current survey. The age 
at first occurrence of an illness was defined 
as the age (in yean) at the time of the 
survey in which a positive response was 
recorded or the age (in years) at the time 
of the fourth survey for positive responses 
occurring during the “gap” years. 

Ventilatory function was tested using an 
8-liter, water-filled, portable recording spi¬ 
rometer (Survey spirometer; Warren Col¬ 
lins, Inc., Braintree, MA) with the subject 
in the sitting position and without the use 
of a nose clip. The spirometers were cali¬ 
brated on a regular basis. Subjects were 
encouraged to perform FVC maneuvers un¬ 
til five acceptable tracings were obtained or 
until it became evident that they could not 
perform ad^uateiy. A tracing was consid¬ 
ered acceptable if it was at least 4 seconds 
in duration and reached an asymptote of 
at least 1 second. All pulmonary function 
measurements were corrected to body tem¬ 
perature, ambient pressure, and saturation 
with water vapor at these conditions. 

FVC, FEV lt and FEFis.?* were obtained 
by standard technique (19). FVC, the great¬ 
est volume that can be forcefully exhaled 
from total lung expansion, may be reduced 
in subjects with restrictive or severe ob* 
stmotive ventilatory defects. FEVj and 
FEFjs ni measures of airflow, are reduced 
in obstructive lung diseases. When mean 
values of these measurements were used, 
they were obtained as the mean of the best 
three of five tracings, as recommended by 
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the Division of Lung Diseases (18). Mean 
lung function values were converted into 
percent predicted values using the nomo¬ 
grams of Dickman et al. (20). 

The disease outcome for this investiga¬ 
tion was age at first occurrence of a physi¬ 
cian’s diagnosis of asthma, as reported by 
the subject or his/her parent. Hay fever, 
sinusitis, eczema, pneumonia, and bronchi¬ 
tis were defined by the subject's or parent’s 
report of a physician’s diagnosis of these 
illnesses on the initial or yearly surveys. 
Smoking statuses of the index children and 
their parents were determined from the 
initial or yearly questionnaire responses. 
Croup and bronchiolitis were defined by 
the subject’s or parent’s report: of a physi¬ 
cian’s diagnosis of these illnesses on the 
initial questionnaire. Age at first occur¬ 
rence was obtained for these latter vari¬ 
ables. 

Other exposure variables includedl deliv¬ 
ery complications, parental asthma, and 
parental atopy. Information on delivery’ 
complications (’’Were there any problems 
with him/her at the time of delivery 0 "— 
yes or no) was available only on the initial 
questionnaire. A parental history of asthma 
was considered present if either parent of 
the index child reported, at any time during 
the study period, ever receiving a physi¬ 
cian’s diagnosis of the condition. Similarly, 
parental atopy was defined as seif-repo rung 
by either parent of a physician s diagnosis 
of hay fover and/or eczema at any time 
during the study period 

Follow-up and losses to follow-up 

Asthmatics and nonasthmatics were fol¬ 
lowed for a comparable number of years 
(9.2 ± 3.0 (standard deviation) vs. 8 9 ± 
3.5, respectively; p ■ 0.44). No sex differ¬ 
ences in follow-up years were detected. In¬ 
cident asthmatics, however, were followed 
for significantly more years than nonasth- 
matics (9.7 ± 2.5 vs. 8.9 ± 3.5, respectively; 
p ■ 0.04!); possibly reflecting greater per¬ 
sonal or parental concern about their ill¬ 
ness. 


Of the original 770 members of the co¬ 
hort, 86 (11.2 percent) were lost to follow¬ 
up after the initial survey. At the initial 
survey. 81 of these subjects were identified 
as nonasthmatic (11.9 percent of 679 never 
asthmatics) and five subjects were identi¬ 
fied as asthmatic (5.5 percent of 91 asth¬ 
matics). 

Statistical analysis 

The overall goal of the analysis was to 
identify risk factors for the onset of asthma 
whose occurrence antedated! the time 
("age") of first diagnosis of asthma. The 
Cox proportional hazards model with time- 
dependent covariates and age as the time 
variable was used for this purpose (21). 

This method was selected because it 
1) accounts for the variable length of foilbw- 
up time available for each subject and 
2!) permits the use of covariate data that 
can legitimately change from surv ey to sur¬ 
vey. The second feature was used! in the 
following way to evaluate the relative risk 
of first onset of asthma: For those child¬ 
hood illnesses for which age at first occur¬ 
rence was available, an age-dependent co¬ 
variate was created with a value of 1 
(exposed) for ages greater than the age at 
first occurrence of the illness and 0 i unex¬ 
posed) for ages less than or equal to the age 
at first occurrence of illness. The procedure 
assured that any observed increase in risk 
must pertain to antecedent occurrence of 
the illness. For comparative purposes, a 
second age-dependent covariate was cre¬ 
ated with a value of 1 (exposed) for ages 
greater than or equal to the age at first 
occurrence of the illness. The observed in¬ 
crease in risk using this covariate pertained 
to an antecedent or concurrent exposure. 

The application of the Cox model re¬ 
quired determining the age of first onset 
of asthma, as well as the age of first oc¬ 
currence of other childhood respiratory 
illnesses. These determinations were com¬ 
plicated somewhat by the pattern of admin¬ 
istration of the questionnaire. In the first 
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year of the study, information concerning 
age of onset was requested whenever an 
occurrence of illness was reported! Thus, 
for ages of onset prior to entry into the 
study, there is a potential recall bias. This 
was investigated by introducing an age- 
dependent variable with a value of 1 for 
ages of onset at or following entry into the 
study and 0 for ages before entry, and by 
fitting interaction effects between this vari¬ 
able and the covariates of interest. 

The questionnaire administered in the 
fourth year of the study did not request the 
age of onset for asthma and other illnesses 
occurring since the first year of the study; 
For illnesses occurring in this 2-year “gap," 
the age of onset was taken to be the age of 
the child at year 4 of the study . To examine 
the impact of this procedure, we performed 
analyses using 1) the age at year 1 of the 
study for both the covariate illnesses and 
asthma; 21 the age at year 1 of the study 
for the covariate illness with the age at year 
4 for asthma; and 3) the reverse of the 
assignments in part 2. 

Student’s t tests (two-tailed) were used 
for comparison of mean spirometric values 
for asthmatics and nonasthmatics. Only 
the most recent spirometric lung function 
for each individual was used in the analysis. 
Chi-square statistics and Fisher s exact test 
(two-tailed) were used to test for associa¬ 
tions between sex and use of medications 
and hospitalizations for asthmatics. 

Results 

Characteristics of asthmatics 

There were 91 subjects diagnosed as hav¬ 
ing asthma during the 13 years of the study. 
Forty-three asthmatics were diagnosed af¬ 
ter entry into the study. Male asthmatics 
exceeded the expected number based on the 
sex distribution of the study population 
(asthmatics: 5? (62.6 percent) males and 34 
(37.4 percent) females; study population: 
402 (52.2 percent) males and 368 (47.8 per¬ 
cent) females; p < 0.05). 

Asthmatics and nonasthmatics had nor* 


mal ranges for all spirometric tests ana¬ 
lyzed! All of these spirometric comparisons 
were performed using the most recently 
available spirometric lung function value 
for all! individuals. Male asthmatics hadi 
larger FVC percent predicted values than 
male nonasthmatics (102.2 ± 1.7 (standard 
error of the mean) vs; 98.0 ± 0.8; p « 0.02),, 
and female asthmatics had lower FEVj per¬ 
cent predicted valtoes than female nonasth¬ 
matics (100.9 ± 3.1 vs. 110.3 ± 0 9; p * 
0.002). No statistically significant differ¬ 
ence was found for mean age at the time of 
most recent testing for asthmatics and non- 
asthmatics. Asthmatics were, however, 
taller than nonastlunatics at the last visit 
(63;4 ± 0;7 cm (sundard error of the mean) 
vs. 61.6 ± 0.3 cm, respectively; p * 0.04). 

Two analyses were undertaken to evalu¬ 
ate the severity of disease in the asthmatics. 
Asthmatics diagnosed by the first survey 
(prevalent cases* n * 48) were traced in 
years 4-13 of the study to determine the 
frequency of a physician V diagnosis of ac¬ 
tive asthma. Of these 48 prevalent cases, 
13 (27.1 percent) reported an asthmatic 
diagnosis at Itsst once in the 10-year 
follow-up. As determined by questionnaire, 
four of the 91 asthmatics (4.4 percent) were 
hospitalized at the age of asthma occur¬ 
rence and nine of the total group (9.9 per¬ 
cent) were ever hospitalized for asthma 
during the 11 subsequent years of the study. 
A mean of L6 ± 1.0 (sundard deviation) 
hospital admissions for asthma was record¬ 
ed! for those hospitalized. Of the female 
cases; 17.7 percent (n - 6) were hospitalized 
at least once compared with 5.3 percent of 
the male cases (in * 3) (p ■ 0.07). Fifty-six 
of the cases (61.5 percent) were medicated 
for asthma at some time during the follow¬ 
up period; the mean number of surveys at 
which medication use was reported among 
these children was 3.4 ± 2.5 (sundard de¬ 
viation). Females reported having ever used 
medication (67.6 percent, n « 23) more 
often than males (57;9 percent, n — 33), but 
the difference was not sutistically signifi 
cant. 
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Risk factors 

The occurrence or presence, at any time 
during the study, of respiratory illhesses, 
atopy, personal or secondary cigarette 
smoke, delivery complications* parental 
asthma, and parental atopy is shown in 
table 1 for asthmatics and nonasthmaticSi 
Asthmatics more frequently reported pneu¬ 
monia: bronchitis; hay fever, sinusitis, pa¬ 
rental asthma, and parental atopy than 
nonasthmatics. Prevalent and incident 
asthmatics had similar occurrences of these 
factors except hay fever, which was found 
more often in incident asthmatics than in 
prevalent asthmatics in * 26 (60.5 percent) 
vs 4 ft * 16 (33.3 percent); p * 0.01); At the 
time of entry into the study, prevalent and 
incident asthmatics had comparable occur¬ 
rences of these factors (data not shown). 

Sex-adjusted relative risks of asthma as¬ 
sociated with these antecedent exposures 


are presented in table 2. Significant relative 
risk estimates were found for pneumonia; 
bronchitis, hay fever, sinusitis, parental 
asthma, and parental atopy All other fac¬ 
tors studied bore no apparent relation to 
the development of asthma (table 2). Al¬ 
though the sex-adjusted relative risk esti¬ 
mate associated with personal smoking did! 
not reach statistical significance, it was of 
the same magnitude as the other significant 
estimates. Small numbers may explain the 
lack of statistical significance. Analyses 
that used antecedent and antecedent- 
concurrent covariates produced compa¬ 
rable results. Only antecedent covanates 
were used in analyses to explore possible 
causal relations. 

Effect modification by illness onset be¬ 
fore or after entry into the study was ana¬ 
lyzed to evaluate potential! recall bias. No 
statistically significant interaction by time 


Table i 


Potential risk factors for asthma in a longitudinal study of 770 children aged 5-9 years. East Boston, 

Massachusetts. 1975-1986 


Factor 

Prevalent asthma 
(n - 48) 

Incident asthma 
tn ■ 43) 

Sonasthmsucs 
in - 6T9» 

P 


So. 

so in i 

No i *"e' 


Lower respiratory illness 

Pneumonia 

18 137.5) 

18 (41.9) 

91 113141 

S0001 

Bronchitis 

20(4117* 

20(46.5) 

121(17:8) 

sO'OOl 

Bronchiolitis 

• 

1 (2.3) 

8 (1.2) 

0.59 

Atopy 

Hay fever 

16 (33:31 

26 (60.5) 

108(15 9) 

s 0.001 

Eczema 

6 (12:5) 

9 <20.9) 

73 (10.8) 

0.12 

Upper respiratory illness 

Sinusitis 

14 (29.2) 

20 ( 46 5) 

100 (14.7) 

SO.OOl 

Croup 

5 110.4) 

9 (20.9) 

96(14 1) 

0 34 

Ot her factor 

Personal cigarette 

smoking 

10(20.8) 

14 (32.6) 

135(19:9) 

014 

Maternal smoking 

34 (70 8) 

27 162.8) 

431 (63.5) 

0 58 

Paternal smoking 

26 (54.2) 

24 (55.8) 

395 (58.2) 

0.83 

Delivery complications 

8(16.7) 

8(18.6) 

92 (13.8) 

0.60 

Familial factor 

Parental asthma 

19 (39.6) 

20 ( 46.5) 

178(26.2) 

0.003 

Parental atopy 

31 (64,6) 

31 (72.1) 

367(54.0) 

0.03 


• No occurrence. 
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Table 2 


Sex-adjusted relativen$k of asthma associated uith various factors in a longitudinal study of 770 children agea 
5-9 years East Boston: Massachusetts. 1975-1988 


Factor 

Antecedeni exposure 

Anteicedent concurrent exposure 

s*x?ad)ustfd 
relative risk 

95*^ confidence 
interval 

Se*-adjusted 
relative risk 

95*7 confidence 
interval 

Lower respiratory illness 





Pneumonia 

3:77 

2.29-6 20 

4.42 

283-6:91 

Bronchitis 

2:66 

1.64-4.31 

3.22 

209-4.97 

Bronchiolitis 


• 

m 


Atopy 





Hay fever 

4.44 

2.17-9.08 

8:17 

4 56-14 64 

Edema 

1.39 

0 67-2.91 

1.68 

0.89-3 17 

Upper respiratory illness 





Sinusitis 

360 

1.74^7.44 

4 33 

2-30-8 17 

Croup 

0:88 

0.36-2.16 

0.99 

0.45-2 14 

Other factor 





Persona) cigarette 





smoking 

2.29 

0.67-7.88 

282 

0 98-8 09 

Maternal smoking 

1 09 

0.68-1174 

1.19 

0,76-1.83 

Paternal smoking 

L20 

062-2.31 

1.14 

063-2.06 

Delivery complications 

1.27 

074-2.19 



Familial factor 





Parental asthma 

1.95 

1 29-2.95 



Parental atopy 

1.61 

1.03-2:50 i 




* No occurrence 


of entry was found (data not shown). Pneu¬ 
monia, bronchitis, hay fever, sinusitis, 
parental asthma, and parental atopy re¬ 
mained the only significant sex-adjusted 
predictors detected. In addition, the effect 
of interval assignment for the onset of co- 
variate illnesses and asthma occurring in 
the "gap*’ years was analyzed. No signifi¬ 
cant differences in relative risk estimates 
for the occurrence of asthma by interval 
assignments were found (data not shown). 
Therefore, all further analyses were per¬ 
formed by assigning illness onset in the 
“gap* years as the age of the child at year 
4 of the study. 

A proportional hazards model was con¬ 
structed that included the six sex-adjusted 
covariates that were found to be signifi¬ 
cantly associated with asthma (table 3L 
Bronchitis, hay fever, and parental asthma 
were the only significant predictors after 
adjusting for sex and other covariates in 


Table 3 

Relative nsk of asthma associated with significant 
environmental and familial factors, as estimated try 
multiple regression, in a longitudinal study of 770 
children aged S-9 years. East Boston. Massachusetts. 
1975-1988 


Factor 

Relative 

risk 

95*7 

confidence 


interval 

Sex i male/female) 

239 

1 35-423 

Pneumonia lyes/no) 

1 38 

0.67-2.88 

Bronchitis lyes/no) 

3.62 

1 94-6.77 

Hay fever (yes/no) 

2 92 

1120-708 

Sinusitis (yes/no) 

221 

088-5.52 

Parental asthma iVes/no) 

2 43 

1.38-4.29 

Parental atopy <yes/no) 

1.44 

0 84-2 48 


the model. Based upon the estimated co- 
variances of the parameter estimates, the 
correlation between the coefficients was 
-0.39 for pneumonia and bronchitis, -0.30 
for hay fever and sinusitis, and -0.23 for 
parental asthma and parental atopy. 
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Figure 1 graphically illustrates the im¬ 
portance of selected predictors to the cu^ 
mulative incidence of asthma, by age. using 
parameter estimates from the full data set. 
Panel A shows the unadjusted Kapian- 
Meier estimates (22) of the cumulative in¬ 
cidence function for the cohort. In this plot, 
10.6 percent of the population is shown to 
have developed asthma bv age 12. Based on 
the adjusted model presented in table 3 and 
assuming no identified risk factors, males 
had a greater cumulative incidence of 
asthma than did females by this age (7.2 
percent vs. 3.1 percent; panel Bl. Further¬ 
more. 238 percent of males with bronchitis 
before age 1 but no other risk factors and 
10 8 percent of females with a similar re¬ 
spiratory history had asthma by age 12 
{panels C and D). 


The possibility that sex altered the as^ 
sociations of the individual risk factors and 
asthma was evaluated (table 4). Females 
had a greater risk for the occurrence of 
asthma associated with all individual risk 
factors except for bronchitis. Statistical sig¬ 
nificance, however, was detected only for 
this interaction of sex and parental asthma 
and atopy. 

Two additional analyses were performed 
to examine the plausibility of a causal re¬ 
lation between asthma and other illnesses. 
First, four proportional hazards models 
were constructed that used bronchitis* 
pneumonia, hay fever, and sinusitis, re¬ 
spectively, as the dependent variable with 
asthma as one of the independent co- 
variates {table 51. If significant relations 
were seen in these “reversed" models, it 


PANEL 


panel a 


o. a .i . * . : . i i i ■ . . i* * . L* . .,j « . « 1- 

z Z\ Z 

A 1 m , 

£ O.32 - 

j z z 

2 


0.24 - 



Panel c 



o . A U La > < I .i.l4 t .* I i i t 1 t i i | 

d E 

0 . 32-4 

-t, 

0.2a Ji 


3 

o. &• — 



Panel O 


Oa I * * ■> La * 4 L , » * 1 . . I ... a.^A, 

i L 



Figvre 1. Cumulative incidence of asthma, by aft. in a longitudinal study of 770 children aged 5-9 year*. 
East Boston. Massachusetts* 1975-1968. Panel A, incidence unadjusted for nsk factor*: Panel B. incidence for 
children with no risk factor** by set; Panels C and D« incidence for children who had bronchitis before age I 
year but no other nsk factors. 
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would suggest that asthma and the illhesses 
were occurring at about the same time in 
childhood! rather than sequentially as in a 
causal model. Asthma was not identified as 
a significant covariate in models that de¬ 
fined bronchitis or pneumonia as the out¬ 
come variable* but it was a statistically 
significant risk factor for hay fever and 
sinusitis (table 5). 

In the second analysis* simple cross- 
tabulations were prepared showing the 
temporal relations between age of onset of 
asthma and other illnesses for those indi¬ 
viduals who developed both. More subjects 
had the occurrence of bronchitis (h * 25 
vs. n * 7) and pneumonia (n * 22 vs. n * 

Table 4 

Jnteraction of sex and significant environmental and 
familial factors for asthma in a longitudinal study of 
770 children aged 5-9 yean. East Boston, 
Massachusetts j 197S-1968 


Factor 

R*lit iv* nak 


Malt 

Female 


Environment*! factor 

Pntumom* (yet/no) 

3.03 

3-85 

063 

Bronchitis tyet/no) 

4.23 

246 

035 

May fever (yes/no) 

2.37 

4.80 

024' 

Sinusitis (yes/no) 

1.73 

3.83 

0.24 

Familial factor 

Parental asthma (yea/no) 

0.52 

3.13 

0 0002 

Parental atopy (yes/no) 

0.57 

3.02 

0014 


7) before, rather than after, the occurrence 
of asthma, whereas twice as many subjects 
had the occurrence of hay fever (n * 11 vs. 
n = 22) and sinusitis (n * 10 vs. n » 20) 
after and not before the occurrence of 
asthma. Additionally, bronchitis was a sig¬ 
nificant risk factor for the development of 
pneumonia, while hay fever and sinusitis 
were both significant predictors of each 
other (data not shown). This analysis 
would suggest that bronchitis and I pneu¬ 
monia as well as hay fever and sinusitis are 
indistinguishable from one another as pre¬ 
dictors. 

The risk of asthma associated with any 
of the individual covariates did not vary by 
parental asthma or parental atopy (data 
not shown). However, several interesting 
trends were seen. The risk of asthma was 
greatest in subjects with hay fever or sinus¬ 
itis if they had parental asthma and in 
subjects with bronchitis or pneumonia if 
they did' not have parental asthma. Addi¬ 
tionally, the risk of asthma was greatest in 
subjects with pneumonia or bronchitis if 
they had parental atopy. 

The effect of age at first occurrence of 
asthma (age <10 years or £10 years) on the 
relations of the individual risk factors and 
asthma was assessed (data not shown). 
This age categorization was chosen because 
parents answered all questions for children 
younger than 10 years of age. Agaim no 


Table 5 


Sex-adjusted relative risk of upper and lower respiratory illnesses associated with asthma in a longitudinal study 
of 770 children aged 5-9 yean. East Boston Massachusetts. 1975-1988 _ 


Dependant variable 

Independent covanew 

Relative ntk 

confidence 

interval 

Bronchitis 

Sex (male/femalei: 

1.14 

0.84-1.56 


Asthma < yes/no > 

2.08 

0:95-4.51 

Pneumonia 

Sex (male female t 

1.11 

0.78-1.58 


Asthma <yea. not 

1.93 

0:88-4.21 

Hay fever 

Sex (male female) 

1.03 

0:74-1.43 

Asthma «yes, not 

2.64 

166—4.16 

Sinusitis 

Sex (male/femalei 

1.19 

0.84-1.70 


Asthma iy*s/noi 

2.16 

1.34-3.54 
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statistically significant difference was 
found by age of first occurrence of asthma 
for the relations of any of the individual 
covariates and asthmai However, point es¬ 
timates for hay fever and sinusitis were 
larger before age 10 (9.46 vs. 3.06 and 4.95 
vs. 3.10: respectively), while point estimates 
for bronchitis and pneumonia'were greater 
at or after age 10 (2.46 vs. 2.97 and 3.69 vs. 
3:87, respectively)i 

Discussion 

This investigation focused on the quan¬ 
titative effects of a number of factors that 
are thought to be associated with and pos¬ 
sibly causally related to the occurrence of 
asthma. Unlike many previous studies, it 
paid special attention to the temporal re¬ 
lation of the potential risk factors and the 
occurrence of asthma. The cohort of study 
children, 5- to 9-year-olds at intake, came 
from a stable, relatively homogeneous pop* 
uiation. The self-report of a physician's 
diagnosis of asthma determined disease 
outcome. The asthmatics so identified in 
this study were similar to other previously 
described school-aged asthmatics (5, 6,11- 
16)i They were diagnosed at a young age 
and had reduced FEV! and FEF 25 - 5 percent 
predicted values compared with the non- 
asthmatics (5, 13, 23), The severity of dis¬ 
ease was mild] as is documented by the 
findings that only 9.9 percent of the asth* 
matie group were ever hospitalized and 61.5 
percent were ever medicated in the 13 years 
of the study. Most of the prevalent asthr 
maties <62.5 percent) did not report a fur¬ 
ther diagnosis of asthma, which is in close 
agreement with the 65.9 percent rate re¬ 
ported in the National Child Development 
Study (11) and the 70 percent rate reported 
from Australia by McNicol and Williams 
(131 

Sex differences were evident in the asth¬ 
matic group. More males than females re¬ 
ported a diagnosis of asthma. Additionally, 
males were diagnosed more frequently at 
younger ages and had less extreme disease. 


as measured by fewer hospitalizations re¬ 
corded. Clear male/female differences were 
evident for the effect of asthma on lung 
function level Male asthmatics had larger 
FVC percent predicted and female asth¬ 
matics had lbwer FEV\ percent predicted 
than their counterparts. Thus, even after 
adjusting for differences in height and age, 
there were male/female differences in level 
of king functioni The meaning, of these 
differences is unclear and requires further 
investigation. 

The results support the hypothesis that 
asthma is a multifactor disease whose 
expression is dependent on both familial 
and environmental influences. The exact 
mode of genetic transmission for asthma is 
still unknown. Autosomal dbminance with 
incomplete penetrance (24) and polygenic 
inheritance (25) are thought to be the most 
likely modes of genetic expression. This 
study was not designed to evaluate specific 
genetic pathways, but the findings do pro* 
vide some insight into the interplay be¬ 
tween atopy and asthma in first-degree rel¬ 
atives and the development of asthma in 
childhood. Parental asthma and atopy were 
both significant bivariate predictors for 
childhood asthma, which reaffirms the ob¬ 
servation that asthma clusters in families 
(26) and can be inherited as part of a gen¬ 
era) allergic susceptibility (27,28). Parental 
asthma was a stronger predictor than pa* 
rental atopy, a finding that agrees with 
previous studies that have shown that pa¬ 
rental atopy may enhance the likelihood 
for the expression of asthma but does not, 
on its own, impart as great a risk as does 
parental asthma (25, 29, 30). These data 
suggest that inheritance of asthma and 
atopy overlap but are not identical! Females 
were more likely to develop asthma than 
males if they had a parental I history of 
asthma or atopy. The significance of this 
finding is unclear and requires further re¬ 
search. 

Four antecedent respiratory illnesses in¬ 
creased the risk or asthma in childhood 
Bronchitis, pneumonia, hay fever, and si- 
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nusitis all showed significant sex-adjusted 
relative risk estimates. Bronchitis and hay 
fever were the most important predictors 
detected after adjusting for the effects of 
the other individual covariates: This result, 
however, must be interpreted with caution, 
since bronchitis and pneumonia or hay fe¬ 
ver and sinusitis are often clinically indis¬ 
tinguishable from each other. Furthermore, 
bronchitis was predictive of pneumonia and 
hay fever and sinusitis were each predictive 
of the other in the Cox models, indicating 
a high correlation between these variables. 

The mechanisms by which bronchitis, 
hay fever, pneumonia, or sinusitis may 
cause asthma remain speculative. Bronchi¬ 
tis may act directly by indiicing structural 
changes in the airways (31) or causing al¬ 
terations in autonomic control of smooth 
muscle tone (32, 33), leading to increased 
levels of airway responsiveness and hence 
to the onset of asthma. In the study popu¬ 
lation, asthma occurred more often after 
bronchitis and was not a significant predic¬ 
tor for the occurrence of this illness. Both 
of these findings would support a possible 
direct mechanism. A direct pathway for hay 
fever is less feasible, but indirect mecha¬ 
nisms can be postulated. Hay fever may 
alter breathing patterns and allow more 
sensitizing agents (e g., cold air, aeroaller- 
gens) access to the airways, which in turn 
may increase asthma expression. Alterna¬ 
tively, subjects with a tendency to develop 
hay fever may also be at risk for developing 
asthma. Asthma occurred more often be¬ 
fore hay fever and was a significant predic¬ 
tor for the occurrence of hay fever. Thus, a 
direct biologic pathway may be responsible 
for the development of asthma in nonatopic 
subjects, while an indirect pathway may be 
operating in atopic children (34 h This hy¬ 
pothesis requires further testing, however, 
since no direct measures of atopy (i.e., skin 
testing, immunoglobulin E levels) were ob¬ 
tained in this investigation. Diagnostic 
misclassification may explain the signifi¬ 
cance of pneumonia and sinusitis as risk 
factors for the occurrence of asthma. Of 


course, subjects with these illnesses may 
also be indirectly at risk for developing 
asthma. 

A familial predisposition for asthma did 
not influence the associations between sig¬ 
nificant covahate predictors and the onset 
of asthma: Low study power and crude in¬ 
heritance markers may explain this finding 
It is interesting, nonetheless, to examine 
the parameter estimates from this analysis. 
Bronchitis had a much greater effect on the 
development of asthma in subjects without 
parental asthma. This again supports the 
concept that injury to the airways, in and 
of itself, may be sufficient to cause asthma: 
Hay fever was a stronger predictor in indi¬ 
viduals with parental asthma, implying 
that the expression! of asthma and atopy 
may be interrelated. 

Many infectious and environmental fac¬ 
tors were not predictive of asthma. It is 
noteworthy that bronchiolitis and! croup 
were not found to be significant predictors 
of asthma in this study. These results con¬ 
trast with those of previously reported 
studies (3,4,9,35); This finding may reflect 
a lower occurrence rate and/or a milder 
expression of these diseases in the East 
Boston community compared with the 
other groups studied. An additional possi¬ 
bility is that croup and bronchiolitis are 
collinear with pneumonia and! bronchitis. 
Alternatively, these respiratory illnesses 
occurring early in life may be of relevance 
only for asthma onset at an early age, and 
the study may lack sufficient power to de¬ 
tect this. Delivery complications had! little 
effect on the risk of asthma and may indi¬ 
cate the imprecise measurement of this 
variable. 

None of the cigarette smoking variables 
were predictive of asthma./Paxental smok- 
/ <s»f may have resulted in exposure^ levels 
$oo low to increase the risk of asthma. This 
seems unlikely given previous findings of 
the relation of parental smoking to wheez¬ 
ing symptoms in children and reduced lev¬ 
els of lung function in asthmatic children 
(36). Another possible explanation is 
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smoking may be not causal but a 
er of the severity of asthma in chfl* 
ith this disorder. In addition, parents 
seholds with wheezing children may 
/have altered their smoking habits. A sd# 
^election factor may explain the lack pf 
^aighificance for personal smoking,' Children 
with hyperresponsive airways may not be 
able to tolerate the irritating effects of to¬ 
bacco smoke. Additionally, the low preva¬ 
lence of personal smoking in this age group 
may have resulted in reduced statistical 
power. 

Asthma remains a disease that defies def¬ 
inition partially because of the heteroge¬ 
neity of clinical expression. A self-report of 
a doctor’s diagnosis of asthma, as obtained 
from a standardized questionnaire, is 
widely used to identify persons with asthma 
for epidemiologic research (37-39)1 None¬ 
theless, in children, using this definition 
may result in und^rdiagnosis of asthma. 
Taussig et al. (40) concluded from a study 
of the diagnostic criteria used by Tucson 
clinicians that considerable overlap of 
chronic bronchitis and asthma existed. 
Furthermore, Speight et al. (41) found that 
asthma was diagnosed in only a small pro* 
portion of English schoolchildren with a 
history of wheezing and bronchial responr 
siveness to histamine. To the extent that 
underreporting has occurred in this study, 
estimates of relative risk for asthma are 
conservative and are biased toward the null 
vallie. A similar argument can be made for 
self-reporting of a doctor’s diagnosis of the 
other upper and lower respiratory illnesses 
studied! 

Current concepts of asthma as a disease 
incorporate measures of bronchial hyper- 
responsiveness: Nonspecific airways re¬ 
sponsiveness to cold air challenge has been 
assessed in a subset of the asthmatics used 
in these analyses: In a cross-sectional 
study, Weiss et al. (42) found that 11 of 12 
asthmatics with any wheezing in the study 
year had increased bronchial responsive¬ 
ness using a cutoff value for cold air chal¬ 
lenge of a greater than 9 percent decrease 


in prechallenge FEV,/FVC. The one asth¬ 
matic not responding had a borderline 8 
percent decrease in FEV,/FVC.. Increased 
responsiveness was aUo significantly asso¬ 
ciated with a history of previous asthma. 
Thus, in this population, the definition of 
asthma appears to be very sensitive. 

The study was designed to avoid several 
potential biases. Selection bias was not 
evident, as community andl not hospital- 
or physician-referred participants were en¬ 
rolled in the study. Preferential recall bias 
couldEhave been present for those asthmat¬ 
ics diagnosed before entry into the study. 
Asthmatics or their parents may have been 
more likely to recall previous respiratory or 
atopic illnesses at the initial survey. It is 
unlikely, however, that this could explain 
our findings^ since no effect modification 
by illness onset before or after study entry 
was detected. Physicians in the study com¬ 
munity could have been more likely to di¬ 
agnose a child as asthmatic given a parental 
history of asthma or atopy and frequent 
episodes of bronchitis, pneumonia; hay fe¬ 
ver, or sinusitis. This potential bias could 
not be directly evaluated. 

Associations found in this study met 
most of the standard epidemiologic criteria 
for causality <43, 44): An appropriate time 
sequence of cause before effect was assured 
by the study definition of exposure and by 
the use of time-dependent covariates in the 
analyses. The study results demonstrated 
consistency with replication. Risk factors 
for asthma identified by these analyses 
were similar to those found by several other 
community-based studies (11-16). Strong 
associations were found, as is seen by the 
large relative risk parameter estimates for 
the significant covariates. The strength of 
these associations would suggest that bias 
is less likely to explain the findings. 
Asthma is a multifactor disease, and there¬ 
fore specificity of association would not be 
expected to be upheld. Dose-response rela¬ 
tions were not evaluated! and biologic co¬ 
herence, as previously discussed, remains 
speculative but plausible. 
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Ih .conclusion; several risk factors for the 
development of childhood asthma have 
been identified This study improved upon 
the methodology used in other population - 
based studies by ensuring antecedent ex> 
posures and by minimizing the effects of 
selection bias and preferential recall I bias. 
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